Abstract-Asymmetric oxidation of 1,2-diols, aminoalcohols and aminoaldehydes in the presence of copper(II) triflate and (R,R)-Ph-BOX, was accomplished by electrochemical method using Br -as a mediator. This oxidation was applicable to kinetic resolution of racemic cis-cycloalkane-1,2-diols, aminoalcohols and aminoaldehydes to afford optically active compounds with good to high enantioselectivity.
Introduction
Selective oxidation of hydroxyl group to carbonyl group is a basic and important organic reaction. It was reported in 1974 that 1,2-diols are selectively oxidized to the corresponding α-ketoalcohols by utilizing a stoichiometric amount of dibutyltinoxide (Bu 2 SnO) which forms dibutylstannylenes followed by brominolysis. 1 From the standpoint of green chemistry, we have reported efficient oxidation of 1,2-diols A by electrochemical method using a catalytic amount of Bu 2 SnO and Br -ion to afford α-ketoalcohols B in high yield without 1,2-diketones C (Eq. 1). of A' to B' has not been known except for two examples using semi-catalytic amount of chiral dioxiranes 5 or chiral hypervalent iodine. 
Results and discussion

Accelerating effect based o trochemical oxidation condition
First, we tried electrochemical oxidation of phenylcyclohexane-cis-1,2-diol (cis-1) as a model compound to check for accelerating effect based on recognition of cis-1 with the Cu(II)−(R,R)-Ph-BOX complex. The electrochemical oxidation of cis-1 in the presence of Cu(OTf) 2 and (R,R)-Ph-BOX predominantly afforded mono-oxidized product 2 (36% yield). However, the oxidation did not proceed in the absence of Cu(OTf) 2 
Effects of electrolytes and solvents on asymmetric oxidation
Next, we investigated electrolytes and solvents for the electrochemical oxidation applicable to kinetic resolution of cis-1 (Eq. 4). The results are summarized in Table 1 .
A procedure for asymmetric electrochemical oxidation of cis-1 is as follows; Anodic oxidation of 1 was carried out using platinum electrodes (2 x 1 cm 2 ) in an undivided beaker-type cell containing 0.5 mmol of 1, 1.0 equiv of electrolyte, 0.1 equiv of Cu(OTf) 2 , 0.1 equiv of (R,R)-Ph-BOX, and solvent (5 mL). After passing through 2.0 F/mol of electricity at constant current (50 mA) at 0 o C and usual workup, optically active α-ketoalcohol (S)-2 was obtained in 36% yield with moderate selectivity (s) value of 8 ( 
Asymmetric oxidation of several cis-cycloalkane-1,2-diols
Asymmetric electrochemical oxidation of several cis-cycloalkane-1,2-diol derivatives 3-8 are summarized in Table 2 (Eq. 5). 10 The s values of (S)-9-11 varied significantly depending on the ring size (entries 1-3 in Table 2 and entry1 in Table 1 ).
That is, the larger the ring size, the better s value obtained. R substituent also influenced the s value (entries 4-6). Compound 8 with a cyclohexyl group was asymmetrically oxidized to afford (S)-14 in higher selectivity (s=11, entry 6) than (S)-12 with a benzyl group (s=2, entry 6) and (S)-13 with an isopropyl group (s=9, entry 5). 
Oxidative kinetic resolution of racemic aminoalcohols and aminoaldehydes
Kinetic resolution of some racemic aminoalcohols 24-27 by electrochemical oxidation was tested (Eq. 9). The results are summarized in Table 3 . In the oxidation of racemic-N-benzoylpiperidinemethanol (24), 13 optically active α-aminoester (R)-28 was obtained with low yield but good enantioselectivity (6% yield, 71% ee) after passing through 5 F/mol 14 
Oxidation potentials
Oxidation potentials of materials used in these oxidations are shown in Table 5 . The most oxidizable species was Br -, while Cu(OTf) 2 was hardly oxidizable (entries 1 and 2).
Although oxidation potential of (R,R)-Ph-BOX was moderate, Cu(OTf) 2 
Reaction mechanism for the asymmetric electrochemical oxidation of aminoalcohols and aminoaldehydes
On the basis of oxidation potentials described above, mechanisms for asymmetric electrochemical oxidation of aminoalcohols G' and aminoaldehydes H' are presented in Schemes 2 and 3, respectively. The electrochemical oxidation of G' and H' might proceed in similar manner to that of diols as shown in Scheme 1. Anodically generated Br + and cathodically generated 2MeO -react with complexes I' and/or M' to afford corresponding optically active esters P'. 
Conclusion
In conclusion, this article describes an efficient procedure for the kinetic resolution of racemic cis-cycloalkane-1,2-diols, aminoalcohols and aminoaldehydes in the presence of copper(II) triflate and (R,R)-Ph-BOX by electrochemical oxidation. Further study to improve the enantioselectivity is underway.
Experimental Section
General
Electrochemical reactions were carried out by using DC Power Supply (GP 050-2) of Takasago Seisakusho, Inc. HPLC analyses were achieved by using a LC-10AT VP 
Measurement of oxidation potentials
BAS CV-50W was used as a voltametric analyzer. A solution of substrate (0.1 mmol) in MeCN (10 mL) containing 0.1 M Et 4 NBF 4 was measured. Reference electrode was Ag/AgNO 3 in saturated aqueous KCl, a working electrode was a glassy carbon, and a counter electrode was a platinum wire. Scan rate was 100 mV/s. 
Preparation of cis-cycloalkane-1,2-diols
Asymmetric electrochemical oxidation of 1: a typical procedure
Under an aerobic atmosphere, into an undivided electrolysis cell equipped with a platinum anode and cathode (1 cm x 2 cm) was added a solution of Cu(OTf) 2 
(S)-2-Hydroxy-2-phenylcyclohexanone (2)
(1R,2R)-1-Phenylcyclohexane-cis-1,2-diol (1)
(S)-2-Hydroxy-2-phenylcyclopentanone (9)
Light-yellow oil (lit. 16 (10) 
(1R,2R)-1-
(S)-2-Hydroxy-2-phenylcycloheptanone
(1R,2R)-1-Phenylcycloheptane-cis-1,2-diol (4)
(S)-2-Hydroxy-2-phenylcyclooctanone (11)
(1R,2R)-1-Phenylcyclooctane-cis-1,2-diol (5)
(1R,2R)-1-Benzylcyclohexane-cis-1,2-diol (6)
White solid; mp 103-104°C (lit. 20 
(1R,2R)-1-Isopropylcyclohexane-cis-1,2-diol (7)
White solid; mp 91-92°C; IR (neat) ν 3400, 2940, 1449, 1071 cm (7) was determined by HPLC of the corresponding 2-phenylcarbamoylated compound 7' by usual method.
(1R,2R)-1-Hydroxy-1-isopropyl-2-phenylcarbamoyloxycyclohexane (7')
Light 
(S)-2-Hydroxy-2-cyclohexylcyclohexanone (14))
Light-yellow oil (lit. 21 
(1R,2R)-1-Cyclohexylcyclohexane-cis-1,2-diol (8)
N-(p-Tolylsulfonyl)piperidine-(3S,4R)-diol (15)
White solid; mp 112°C (lit. 22 The resulting solution was concentrated in vacuo. The residue was chromatographed on silica gel (n-hexane/AcOEt =2/1) to afford 32 (73 % yield). 
(3R)-Hydroxy-N-(p-tolylsulfonyl)piperidine-4-one (17)
N-(t-Butoxycarbonyl)-3-phenylpiperidine-(3S,4S)-diol (18)
N-(t-Butoxycarbonyl)-N-(3-oxo-3-phenylpropyl)glycine methyl ester (21)
(R)-3-Ethyl-3-hydroxy-N-(p-tolylsulfonyl)piperidine-4-one (23)
A typical procedure for preparation of racemic aminoaldehydes
N-Benzoyl-2-piperidinecarbaldehyde (32)
